SUMMARY
The usual technique of general anaesthesia for caesarean section employs muscle relaxation and intermittent positive pressure ventilation and so allows the maternal carbon dioxide tension (PC02) to be varied over a potentially wide range of values. Whether maternal PC02 influences foetal outcome has been debated for many years but has assumed more relevance recently as devices for measuring end-tidal PC02 have become available for clinical use. Not only do these machines allow monitoring of maternal PC02 in a non-invasive manner, but they also produce instantaneous results which allow the anaesthetist to accurately control the maternal PC02 in the relatively brief period from induction of anaesthesia to foetal delivery.
A study was undertaken to assess the influence of maternal PC02 on foetal outcome.
PATIENTS AND METHOD
The 27 mothers were carefully selected and anaesthetised with a standard anaesthetic technique.
None of the mothers had evidence of medical illness or complications of pregnancy. All were mothers of single, term foetuses of cephalic presentation and none was in labour. All patients were multiparous and aged less than 35 years. None of the mothers reported peroperative awareness. Any patients with either marked hypertension (defined as asystolic blood pressure (BP) of over 160 mmHg, or as an increase of more than 30 mmHg over the pre-induction level) or significant hypotension (defined as a systolic BP of less than 90 mmHg) were excluded from the survey. All patients were of similar socio-economic class and none smoked more than 20 cigarettes per day. All infants had birth weights in excess of 2.5 kg. Twenty-seven mothers and infants met these selection criteria.
The patients were brought to theatre in the left lateral position as recommended by Crawford.
2 Premedication consisted of oral antacid only. On transfer to the operating table, left lateral tilt of a degree to cause obvious lateral displacement of the uterus was maintained at least till delivery of the foetus. After three minutes of pre-oxygenation with 100070 O 2 , general anaesthesia was induced with thiopentone 4 mg/kg as a bolus, followed by suxamethonium 100 mg to facilitate intubation, while cricoid pressure was maintained. The patients were then ventilated via a circle breathing system with a gas mixture containing 50070 oxygen and 50070 nitrous oxide supplemented by 0.5070 halothane, with a total gas flow of 6 litres/minute. Muscle relaxation was continued with alcuronium. This technique of anaesthesia for caesarean section was originally popularised by Moir. 3 Maternal PC02 was varied between patients by including or excluding the soda-lime absorber in the circuit and by varying minute volume. After induction, the minute volume chosen for each patient was maintained constant until after delivery. Maternal end-tidal PC02 levels were measured at delivery with a Hewlett Packard end-tidal C02 monitor (Model 472lOA) with a sampling chamber situated adjacent to the endotracheal tube. The calibration was checked and found to be accurate before each anaesthetic by utilising two gas samples of known carbon dioxide concentration located at the base of the machine.
Induction delivery (ID) and uterine incisiondelivery (UD) intervals were measured. Babies with UD intervals of longer than 120 seconds were excluded from the survey. Neonatal data recorded were one-and five-minute Apgar scores,4 the time to sustained regular respiration and umbilical vein and umbilical artery blood gases. Any neonatal resuscitation measures were recorded, as this could obviously affect Apgar scores.
The umbilical vein and artery blood gases were drawn soon after delivery from a section of cord which had been "double clamped" as soon as possible after birth. The blood gases were analysed with a Coming 178 pH blood gas analyser within 15 minutes of delivery. Recent work suggests that umbilical cord samples drawn up to one hour after delivery are accurate. 5 Kendall's tau, a non-parametric correlation, was used to determine the strength of association between variables. This correlation was used because it required no assumption to be made about the distribution of the various variables. A two-tailed test was used. A regression equation was calculated for each set of data and a line of best fit drawn for the various scatter diagrams. RESULTS The results of the survey are presented in Table 1 and graphically represented in . . .
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employed in the period between induction of anaesthesia and foetal delivery. 6 Similarly, there was no relationship demonstrated between Apgar score at one minute and ID interval. Prolonged uterine incision-delivery intervals are associated with foetal hypoxia. 2 ,7,8,9 However, all the patients included in this survey had a UD interval of less than 120 seconds, and there was no significant relationship between UD interval and umbilical vein P0 2 (Kendall's tau = -0.04, Z = -0.27, p>0.5). This result confirms the validity of including these patients in the survey ( Figure 2 ).
As would be expected, there was a highly significant positive relationship between maternal and foetal carbon dioxide tensions (Kendall's tau=0.53, Z=3.72, p<.001) ( Figure   3 ).
There was a highly significant positive relationship between maternal end-tidal carbon dioxide tension and umbilical vein oxygen tension (Kendall's tau =0.49, Z=3.46, p<.001) (Figure 4 ).
In this sample of patients where the mothers were ventilated with 50% 02, only three of the 27 values of umbilical vein P02 were less than Similarly, no significant relationship was found between umbilical vein base excess and maternal end-tidal PC02 ( Figure 6 ) (Kendall's tau = -0.04, Z = -0.25).
In spite of the highly significant relationship between umbilical vein PC02 and maternal endtidal PC02 (Figure 3 ), in this survey no relationship was demonstrated between time to sustained regular respirations by the neonate and maternal end-tidal PC02. DISCUSSION While most authors caution against extreme hypocarbia during general anaesthesia for caesarean section,II-13 the significance of moderate hypocarbia is controversial, particularly as the normal maternal arterial PC02 at term averages 32 mmHgl4 and much lower values may occur during painful labour. 15,16 Hypocarbia may be produced inadvertently by the anaesthetist at caesarean section in efforts to avoid hypercarbia, but the production of hypocarbia may be deliberate in order to: 1. increase maternal arterial oxygen tension by manipulation of the alveolar air equation, the assumption being that this change will be reflected in an elevated foetal P a o 2 , 2. minimise the risk of maternal awareness (the so-called "Liverpool Technique" 17 popularised the concept of a direct anaesthetic effect of hypocarbia), 3 . hasten the onset of anaesthesia with inhalational agents. An increase in minute volume will cause alveolar concentrations of gases to approach inhaled concentrations at a faster rate. This theoretical advantage is complicated by the reduction in cerebral blood flow caused by hypocarbia. Hyperventilation actually slows the rise in cerebral concentrations of insoluble agents (e.g. nitrous oxide) and causes little change in the case of agents of intermediate solubility (e.g. halothane}. 18 Hyperventilation may cause foetal harm as a result of: 1. the reduction in maternal cardiac output (CO) associated with intermittent positive pressure ventilation. This fall in CO is proportional to the reduction in PaC02, rather than to the rise in mean intrathoracic pressure. 19,20 Uterine blood flow will be reduced as a result of the fall in CO, 2. the alkalosis and hypocarbia which hyperventilation produces. These changes result in a shift of the maternal Hb-02 dissociation curve to the left, which results in an increase in affinity of maternal blood for oxygen. This change may obviously jeopardise placental oxygen transfer. Hypocarbia and alkalosis may also reduce umbilicaFI-24 and uterine 25 ,26 blood flow by causing vasoconstriction.
Studies into the effects of maternal PaC02 on the foetus have produced conflicting results. Experimental work with guinea-pigs 27 ,28 and sh eep 22,23,29,30 has tended to point to a deleterious effect of severe maternal hypocarbia on foetal outcome, although work with monkeys 21 showed no such relationship. Severe metabolic alkalosis has been shown in sheep to decrease uterine 25 and placentaF6 blood flow.
Human evidence of the dangers to the foetus of maternal hyperventilation is much less convincing. Moya et al. 31 found that the foetuses of two mothers who were hyperventilated at caesarean section to a PaC02 of less than 17 mmHg were more acidotic than their more normocarbic equivalents. However, these two mothers were also relatively hypotensive and uterine incision-delivery intervals were not measured and shown to be comparable. Nevertheless, based on this data the authors suggested that at a maternal PC02 below 17 mmHg "the infant is likely to have severe acidosis and delayed onset of respiration". This figure of 17 mmHg is still quoted in recent books of obstetric anaesthesia. 32 Peng et al. 33 found that neonates delivered at caesarean section to hypocarbic mothers (mean PaC02 of 23 mmHg) had a deceased Pa02, increased time to sustained respiration and elevated lactic acid levels compared with neonates of mothers who were somewhat hypercarbic (mean PaC02 of 39.3 mmHg). Unfortunately, it was not clear whether left lateral tilt was employed between induction of anaesthesia and delivery. Uterine incisiondelivery intervals were not measured in this study either. Furthermore, umbilical vein P0 2 values were very low in both groups studied, compared to the values we obtained using the same FI02 (Figure 4) .
Scott et al.,34 Baraka, 35 Low et al. 36 and Crawford 37 could find no association between maternal hyperventilation and foetal outcome, although the latter two studies did find a slight decrease in foetal P02 in the hyperventilated group. Coleman 38 claimed that severe maternal hypocarbia (mean PaC02 = 15.7 mmHg) was not associated with a deterioration in foetal outcome, but his interpretation of the data was later challenged. 15, 39 In spontaneously breathing patients in labour, hypocarbia has been reported to cause a slight but statistically significant fall in foetal P0 2 ,40 but another extensive study failed to confirm this finding. 15 It is apparent that the importance of maternal PaC02 on foetal outcome is a controversial subject. Editorial writers have expressed conflicting opinions. 41 ,42 Much of this apparent confusion is no doubt related to the methodology employed in many studies. Some of the animal experiments were highly invasive 22 42 We have studied patients who fit Crawford's description of "clinically acceptable ideal cases" 1,47 and have used a uniform anaesthetic technique which included left lateral tilt. Patients with a VD interval of greater than 120 seconds were excluded from the survey. Maternal blood pressure was carefully monitored. Although the number of patients (27) in this study was small, we have shown a highly significant relationship (p < 0.001) between umbilical vein P02 and maternal endtidal PC02 in the range 20-40 mmHg, such that hypocarbia was associated with a lowering of the umbilical vein Po 2 . However, in this study where the mothers were ventilated with 501110 O 2 , only three of the 27 values of umbilical vein P0 2 were actually less than normal (Figure 4) and these three values occurred at the hypocarbic end of the range. The effects of hyperventilation might become more important if the F l o 2 is less than 501110 or if uteroplacental insufficiency exists. Ventilation with 501110 02 presumably helps protect the foetus against this influence of hypocarbia.
When clinically measured parameters of foetal outcome were analysed in relationship to maternal end-tidal PC02 however, no relationship could be demonstrated.
Moderate hypocarbia (lowest maternal endtidal PC02 = 20 mmHg) was not associated with an increase in foetal acidosis, time to sustained regular res pi rations or lowered Apgar scores.
